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(54) Method and apparatus for monitoring conditions of a vehicle tire 

(57) A method for mortoring various physical con- 
ditions of pneumatic tires (5) and to a tire which includes 
a memory de^ce (10) mounted on ttie Interior (12) of 
the tire wittiin the pressurizable cavity and a separate 
monitoring device (8) mounted on tiie tire rim (16). The 
memory device contains a battery, an antenna and 
stored data pertaining to the tire. The mordtoring device 
uses an active seK-powered programmable electronic 
circuitry which obtains data from tiie memory device 
and in addition contains one or more sensors which 
obtains engineering conditions such as temperature, 
pressure, tire rotation andyor other op«*ated conditions 
of the pneumatic tire along witifi the stored infomnation 
from ttie memory device. The memory device can be 
actuated by externally transnttled radio frequency 
waves from a r&ndte location or by signals from the 
monitoring d&Ace, and the monitoring device can trans- 
mit tiie information to the remote location by a separate, 
larger and more powerful battery (42) which is mounted 
on the tire rim (16) than the battery In tiie memory 
device. 
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Description 

BACKGROUN D QF THE WVENTION 
Technical Reld 

[0001] The invention relates to a method for monitor- 
ing various physical conditions of a pneun^tic tire and 
to a lire having a memory device containing stored infor- 
rration relating to the tire, and a monitoring device. 
More particularly, the invention relates to a method and 
tire construction in which the memory device attaches 
to the tire imerltner and contains electronics to nrointain 
stored data regarding the tire. preferat)ly an antenna 
and a low powered battery to transmit and rec^e data 
to and from the monitoring device mounted on the tire 
rim. The monitoring device incorporates a sensing 
package to interpret temperature and pressure of the 
tire and has a larger longer life battery than the memory 
device for communicating with the memory device 
within the tire and for transmitting and receiving data to 
and from a source remote. These two separate devices 
enat>le the memory device on the tire to t>e reduced in 
size and cost and provides a longer service life thereto. 

Background Infbrmafion 

[0002] K is desirable to monitor the condition of tires 
as to wear, internal temperature and internal pressure 
It is particularly advantageous to monitor large truck 
tires since these are e)qf>ensive and must t>e regularly 
maintained to maximize vehicle efficiency. In the past 
such monitoring activities have generally used a pas- 
sive integrated circuit embedded within the body of the 
tire and activated by a radio frequency transmission 
which energizes the circuit by inductive n^gnetic cou- 
pfing. Passive devices which rely on irductive magnetic 
coupling or capacitive coupling generally have the dis- 
advantage of requiring lengthy coil windings, thus 
requiring major modpfications in the tire construction 
and assembly process. Another serious disadvantage 
with such passive devices is ttiat the irrtaiogator must 
be positioned in very dose prcodrrnty to the tire, usually 
within a few inches of the tire, in order to allow conrunu- 
nication between the tire and the device. Because of the 
proximfty requirements, continuous monitoring is 
impracticEd since it would require that an interrogator t>e 
mounted at each wheel of the vehicle Manual acquisi- 
tion of data from the passive devices embedded in each 
of the tires of a parked vehicle is also cumt>ersome and 
time consuming fc>ecause of the proxinrvty requirements. 
[0003] Other prior art devices used for monitoring tire 
conditior^ have comprised self-powered drcuits which 
are positioned external of the tire, such as at the valve 
stem. ExtemaDy mounted devices have the disadvan- 
tage of being exposed to damage, such as from weatiier 
and vandalism. Another disadvantage with installing 
devices external of the tire is that the device itself intro- 



duces additional sealed joints from which air may leak. 
AddOtionally, externally installed devices can easily 
become disassodaled from a particular tire whk:h *s 
b^ng monitored. 

5 [0004] Another disadvantage with known tire monitor- 
ing and klentification devices is that communication 
transnnssions are acNeved using conventioned radb 
frequencies which generally require a relatively large 
antenna which must t>e mounted externally or secured 

10 to the tire In such a manner wNch reqidres relatively 
major modifications in the tire construction or assembly 
process. 

[0005] Many of these protrfems have been elirrdnated 
by the metiiod and tire construction shown and 

75 described in U.S. Patent Nos. 5,500,065; 5,562,787; 
5,573.610 and 5.573.611. Howev©-. for certain applica- 
tions and tire constructions, especially when the tire will 
be retreaded. it is desir^e to protect the sensors from 
excessive heat which occurs during the retreading proc- 

20 ess, and for certain appGcations to provKie the tire witii 
only a part of the complete monitoring package t>y pro- 
viding a simplified memory device which can be incor- 
porated into the tire either at rrianufacture or applied 
after manufacture, and used with or without more 

25 detaDed sensors depending upon the particular applica- 
tion in which the tire wifl be utilized. 
[0006] Although the method and tire nrK)rntor!ng 
devices shown and described in the above four men- 
tioned patents provkie many advantages over the prior 

30 art it is desirable to provide for a tire monitoring system 
which provides greater versatility by erribeddir^g only 
certain components within the tire at the time of manu- 
facture or separately applying the same to the tire after 
manufacture, which components are less susceptible to 

35 danrage by heat and wear, for example, during viricare- 
zation and retreading of the tire, yei which are adapted 
to be cbmpatit)le with other components of the monitor- 
ing system, which components need not l>e perma- 
nently installed wittiin the tire at time of manufacture, 

40 and which most importantiy enables a larger and tonger 
life power source to be utilized Ifian is acNevable with 
prior art monitoring systems. 

SUiyiMARY OF THE ilWEirnON 

45 

[0007] In accordance one aspect of the present 
invention, a method of monitoring tires is provided in 
which an activatable memory device or tag is mounted 
within at least one tire of a veNde on the inner surface 

so thereof, which device contains stored data pertaining to 
the tire, and in wfiich the memory device is activated by 
means of a morntoring device mounted on the tire rim 
within the pressurizable cavity formed within the tire. 
[0008] Another ot^'edive of the invention is to provide 

55 such a method and tire construction in which the mem- 
ory device has a relatively low power t>attery and an 
antenna for transmitting the stored data atiier directly to 
an external source or to the monitoring device mounted 
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within the tire cavity; and in which the morttoring device 
has a larger power source or tiattery than that within the 
memory device for transmitting the stored data from the 
memory device to a remote location. 
[0009] Another objective is to provide such a method s 
and tire construction in which the monitoring device 
contains sensors for s&ising engineering conditions of 
the tire such as internal pressure and temperature, 
which information is also transnriitted to a remote loca- 
tion through a separate antenna located at the morvtor- io 
ing device. 

[0010] A still further objective is to provide such a 
method and tire construction in wWch the antenna of the 
monitoring device may be located entirely within the 
pressurizaWe cavity or may exXend tiirough the tire rim is 
so as to terminate externally thereof, thereby requiring 
less power to transnrat the stored and sensed data to an 
external source than would t>e required if the antenna 
were located entirely within the pressurizable cavity of 
the tire due to the^interf erence caused by the surround- so 
ing steel belts and tire rim. 

[001 1 1 A further objective of the invention is to provide 
such a method and tire construction in which tiie 
antenna of the monitoring device when extending 
through the rim external to the pressurizatJe cavity can 2S 
be provided witii various lengths in order to tune the 
antenna to match that of a particular interrogator 
located at a ranote location. 

[001 2] Anotiier objective of the invention is to provide 
such a method and tire construction in which tine t>attery so 
of the monitoring device rtiay t>e mounted externally on 
the tire rim and removably connected electrically and 
physically to the ottier components of the memory 
device wrtch are mounted on ttie rim witiiin the pressur- 
izable cavity thereby enabfing easy replacanent of the 35 
t>att^ should it become weak without requiring 
removal or deflation of tiie tire wifli respect to the rim. 
[0013] A still further objective is to provide such a 
method and tire construction in which the monitoring 
device includes an integracted circuitry and a progranv 40 
matrfe microprocessor tor processing the electrical sig- 
nals received from the sensor and when obtaining data 
from the monory device. 

[001 4] Another olDjective is to provide such a metiiod 
and tire construction in which the memory device can 4S 
be secured to the tire wall either during manufacture of 
the tire or secured thereto after manufacture by utilizing 
a chemical or heat activataWe adheave in such a man- 
ner and location to minimize stress, strain, cyclic 
fatigue, impact and vibration. ^ 
[001 5] These objectives and advantages are obtained 
by the improved method of the present invention, the 
general tiature of which may be stated as a method for 
monitoring at least one condition of a pneumatic tire 
which is mounted on a rim fonrdng an internal pressure ss 
cavity, said method comprising the steps of providing 
the tire witii a memory device wfiich provides for tiie 
storage of data pertainfing to the tire; securing the mem- 



ory device to the tire within said internal pressure cavity; 
providing a monitoring device which includes a sensor, 
an amplifier, a first antenna, a first power source and a 
control circtit for sensing the tire data stored in the 
memory device; securing the monitoring device on the 
rim remote from tiie memory device; transmitting the 
stored data from the memory device to the morttoring 
device; and retransmitting the stored data from the 
morutoring device to a remote locatioa 
[0016] These objectives and advantages are further 
otrtained l)y the tire construction of the present invert 
tion. tiie genOTi nature of which may be stated as a tire 
mounted on a rim defining a pressurizable cavity 
tDetween the tire and rim and having means for monitor- 
ing tiie tire, said monitoring means inducfing a memory 
device mounted on tiie tire within the pressurizatale cav- 
ity and containing stored data pertaining to the tire; a 
monitoring device spaced from the memory device 
mounted on the rim, said monitoring device including a 
first battery, an amplifier, a control circuit for sensing the 
stored data in the memory device, and a first antenna 
for transmitting tiie stored data to a location remote from 
the tire. 

RRIgP DESCB IPTIQM OF THg DRAWINGS 

[0017] Prefared embodiments of the invention, illus- 
trative of the best mode in which applicant has contem- 
plated applying the principles, are set fortii in the 
following description and are shown in the drawings arid 
are particularly and distinctly pointed out and set forth in 
the appended dains. 

Fia 1 is a fragmentary dagrammatic cross-sec- 
tional view of one-half of a pnojmatic tire witii the 
memory device mounted on the innerliner thereof 
and the monitoring device mounted on the rim 
wittiin the pressurizable cavity of the tire; 
FIG. 2 IS a block diagram of the coniponents of the 
memory device; 

FIG. 3 is a block diagram of the components of the 
monitoring device; and 

FIG. 4 is a fragmentary sectional viev? of a modified 
mounting arrangement off the monitoring device on 
the tire rim. 

[0018] Similar numerals refer to ardlar parts ttvough- 
out the drawings. 

DESCRIPT10M QFTHE PREP PPRFD gMBODIiyiENT 

[0019] Referring to FIG. 1 of tiie drawings, tfiere is 
shovm a partial sectional view of a pneumatic tire 5 hav- 
ing a memory device 10 secured to the inner wall or 
liner 12 in a regfon closely adjacent tiie bead package 
14. Tire 5 is mounted on a usual metal rim indicated 
generaOy at 16, which iocrns an internal pressure cham- 
ber of cavity 1 8 which receives a supply of air ttvough a 
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usual valve for inflating the tire. The prefen-ed location of 
memory device 10. as discussed in US. Patent Nos. 
5.500.065; 5.562.787; 5.573.610 and 5.573,611. the 
conterrts of which are incorporated herein by reference, 
is a distance of at>out1 to 2 inches above the toe bottom 
of the tire in order to reduce cyclic strain thereon. 
[0020] As diagrammatically represented in FIG. 2. 
memory device 1 0 preferably includes an antenna 20. a 
battery 22 and an electronic chip indicated at 24. which 
contains stored data, such as identification inforrr^on 
pertairung to the parbcu^ tire on wtvch memory device 
10 is mounted. 

[0021] Memory device 1 0 may be assembled with the 
tire during its manufacture or secured thereto by a sol- 
vent or heat activatai^e adhesive such as descr3>ed in 
the lour pre/busly identified patents. Also if desired, 
monitoring device 10 may not have its own battery 22 or 
antenna 20 but could contain an appropriate electrorBC 
circut which could be activated by an external signal 
ther^>y providing fordn e/en smaller and less expen- 
sive device than would be required if it contains its own 
battery and antenna. 

[0022] In accordance with one of the main feature of 
the invention, a separate monitoring de/ice indicated 
generally atd is nmunted on inside surface 26ol rim 16. 
Monitoring device 8 (FIG. 3) preferably is encased 
within an eicapsuiating material 28 so as to be less 
affected by the ambient temperature, pressures and 
other harsh ervironment to which it may be &^30sed. 
Device 8 preferably includes a batt&y 30, an antmna 
32. a microchip 34 containing the appropriate electronic 
control circuitry which is connected with and operated 
by an amplifier 36. Preferat^ly a sensor 38 is included in 
device 8 and corrununicates vMti chamber 18 so as to 
sense an engineering cpndttim of the tire, such as the 
internal temperature and/or pressure. Sensor 38 Is con- 
nected through the circuitry of microchip 34 and ampli- 
fier 36, which information is then transnrdtted by antenna 
32 to a remote interrogating unit Th's interrogating unit 
preferably will be located in ttie cab of a truck or could 
be remotely located at a completely extenal location 
which is operable when the tire or v^ide is in the vicin- 
ity thereof. The details of microchip 34, anrplifier 36 and 
sensor 38 preferal^ly are the type Which are descrit>ed in 
detail in the four previously mentioned patents, and thus 
are not descrft>ed in further detail 
[0023] FIG. 4 shows a modified monitoring device 40 
wfiich is mounted on rim 16 as is device 8. However, 
battery 42 thereof is connected to the microchip, ampli- 
fier, sensor and antenna through connectors 44 which 
preferably extend through openings in rim 16. Antenna 
32 e>dtehds through a sealing grommet 46 to a position 
externally of cavity 18. 

[0024] In accordance v\nth one of the main features of 
the invention, monitoring devices 8 and 40 are separate 
components spaced from memory device 10 enabling 
them to be mounted on the tire rim with the battery 
being either internal or external with respect to the pres- 



surizal^le cavity 1 8 theretsy rendering them unaffected 
by the high temperatures which the tire incurs.during hs 
initial manufacture and vulcaruzation and sut^sequent 
retreacfing. which is common in larger truck size tires. 

5 Also, the particular microchip ajnd sensor thereof need 
not be dedicated to a particular tire t»ut can be changed 
to achieve various results without specific regards to the 
particular tire on which it will t>e mounted. 
[0025] Most importantiy. monitoring devices 8 and 40, 

10 and in particular t:>atteries 30 and 42 thereof, can be 
considerat)ly larger and have greater power output tiw 
battery 22 of memory device 10. This simpiifies memory 
device 10 and reduces constderat>}y its cost and size 
over the memory devices of prior art monitoring sys- 

75 tems. Also, batteries 30 and 42 can be larger and more 
powerful since they will not effect the ride provided by 
the tire since they are usially mounted centrally on rim 
16 and not located on one side of the tire as is device 
10. Also, they are unaffected by the heat of vulcaniza- 

so Hon and can be replaced easier than if formed as an 
integral component of the memory device wtiich may be 
formed as an integral part of thie tire. Most Importantiy, 
the embodiment shown in FIG. 4 wherein t>alta7 42 s 
located externally of cavity 18 on the outer surfiace of 

25 the rim, enat)les the battery to be easily r^aced 
tiirough its connectors 44 without even deflating ttie tire, 
and most importantiy wittiout having to remove the tire 
fran the rim as fe required in prior art monitoring sys- 
tems wherein the battery is mounted on the interior of 

30 ttietre. 

[0026] Another important advantage of the monitoring 
system of the present invention is the placement of 
antenna 32 exteriorly of cavity 18 by feeding it tfvough a 
grommet 46 or other type of protected seal in the tire, 

35 such as the inflation stern. This enables battery 42 to 
consume less power to transrrDt the information to a 
remote interrogator since H is not surrounded by tt>e 
usual steel t>elts of atire as in prior art systems wherein 
the antenna is located entirely wittiin cavity 1 8. Further- 

40 more, the antenr^ can be tuned" by varying tlie length 
thereof ance it is readily accesstole exteriorly of tiie tire. 
Again, one of the most irrportant features is the abiTity 
to use a larger and mc»re powerful t>attery since it is 
mounted as a separate co mp onent on the rim. and 

45 which is easily replaced should it become d.a^ 

after loss of life, and thtat the components of monitoring 
device 8 and 40 may not be dedicated to a particular tire 
wfiich is mounted on the rim. Furthermore, even if the 
same size battery is utiGzed in monitoring devices 8 and 

so 40 as incorporated into prior art memory device such 
as device 10. it will fiave a longer service Fife since it is 
less affected by heat and the harsh surrounding envi- 
ronment and especially when the antenna s located, 
exte'nally of the tire cavity as shown in FIG. 4. 

55 [0027] It is also readily apparent that memory device 
1 0 couti be activated directly by an outside interro^tor 
and functions wittiout its own internal battery, although 
the use of a low power battery and antenna contained 
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within the desnce is preferable since the same can be 
achieved relatively inexpensive and wiB provide 
increased versatility thereto. Another advantage is that 
mentory device 1 0. due to its low cost of production and 
ir^tallation. will have a particular memory pertaining to ; 
the tire in which it is affixed and need not be erased and 
reprogrammed when put on a different rim and will 
rwain on the tire throughout its life. Again, the chief 
advantage is that the monitoring system is more v&sa- 
tile since it is not fimited by battery size and power as in 
those installations in which the battery is part of the 
device mounted directly on the tire thereby providing 
increased f lexibUity and ease of maintenance than here- 
tofore possible with know«i prior art tire monitoring sys- 
tems and apparatus. 

[0028] Accoidingly. the improved method and appara- 
tus for monitoring conditions of a vehicle tire is simpli- 
fied, provides an effective, safe, inexpensive, and 
efficient device and method which achieves all the enu- 
merated Objectives, provides for eliminating difficulties 
encountered with prior devices and methocte, and 
solves problems and obtains new results in the art 
[0029] In the foregoing description, certain tenms have 
been used for brevity, clearness and understanding; but 
no unnecessary Ontitations are to be implied therefrom 
beyond the requirement of the prior art because such 
temis are used for descriptive purpose and are 
intended to be broadly construed. 
[0030] r^oreover. the description and illustration of the 
invention is by way of example, and the scope of the 
invention is not limited to the exact details showvn or 
described. 

[0031] Having now descrtoed the features, cfiscovenes 
and principles of the invention, the manner in which the 
improved method and apparati^ for monitoring condi- 
tions of a vehicle tire is constructed and used, the char- 
acteristics of the construction, and the advantageous, 
new and useful results obtained, the new and useful 
structures, devices, elements, arrangements, parts and 
contoinations and method steps, are set forth in the 
app^ed claims. 

Claims 



IS 4. 



20 



A method of monitoring at least one condition of a 
pneurratic tire which is mounted on a rim forming 
an internal pressure cavity, said method comprising 
the steps of: 

providing the tire with a memory device which 
provides for the storage of data pertaining to 
the tire; 

securing the memory device to Ifie tire within 
said internal pressure cavity; 
providing a monitoring device which includes a 
sensor, an ampFifier. a first antenna, a first 
power source and a control arcxM for sensing 
the tire data stored In the memory device; 



securing the monitoring device on the rim 
renrKJte from the' memory device; 
transmitting the stored data from the memory 
device to the monitoring device; and 
retransmitting the stored data from the monitc«r- 
ing device to a remote location. 

The method def ined in Claim 1 wher«n the mem- 
ory device is secured to the innerilner of the tire. 

The method defined in Claim 1 including the st^ of 
securing the sensor, amplifier and first antenna to 
tiie rim within the pressure cavity of the tire. 

The method defined in aaim 3 inducfing tiie further 
Step of securing the first power source on tiie rim 
externally of the pressure cavity of the tire. 

The method defined in ©aim 1 including the step of 
provicfing the memory device witti a second 
antenna and a second F>ower source. 

6. The metiiod def ined in Claim 5 including tiie step of 
transntttting the stored data from tiie memory 

25 device to tfie remote location by using the second 
antenna and second power source. 

7. The metiiod defined in Claim 3 including tiie step of 
extending ttie first antenna through the rim from 

30 wittiin tiie pressure cavity to a location externally of 
said rim. 

8. The method defined in Oaim 1 inducfing tiie step of 
bonding tie memory device to tiie inneriiner of tiie 

35 tire virithin ttie pressure cavity after finished molding 
of said tire. 

9. The method defined in aaim 1 induding the step of 
using radio frequency (RF) for transmitting the 

40 Stored data from ttie memory device. 

10. A tire mounted on a rim and defining a pressuriza- 
ble cavity betwewi the tire and rim and having 
means for morritoring ttie tire, said monitoring 

45 means induding: 

a memory device mounted on ttie tire vwthin tiie 
pressurizatrfe cavity and containing stored data 
pertaining to the tire; 
so a monitoring device spaced from the memory 

device mounted on tiie rim. said mortitoring 
device induding a first battery, an amplifier, a 
control drcuit for sensing the stored data m the 
memory device, and a first antenna for trans- 
55 mitting ttie stored data to a location remote 

from the tire. 

11. The tire as defined in Claim lOwheran ttie memory 
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device is secured to an innerliner of the tire in the 
vicirnty of a tire bead. 

1 2. The tire as defined in Qaim 1 0 wherein the first bat- 
tery, the amplifier and control circuit are mounted s 
on the rim witNn the pressurizable cavity. 

1 a. The tire as defined in Claim 10 wherein the monitor- 
ing device includes a sensor which communicates 
with the pressurizatrfe cavity for sensing a engi- io 
neering condition of the tire. 

14. The tire as defined in Oaim 1 0 wherein the memory 
device includes a second battery and a second 
antenna for transmitting the stored data contained is 
in said memory device. 

15. The tire as defined in Claim 10 wheran the first 
antenna e}cterKi5 through the rim and terminates 
eicternally of the pressurizable cavity. 20 

1 6. The tire as defined in Claim 1 0 wherein the control 
circuit and amplifier are located witNn the pressur- 
izable cavity; and in which the first battery is 
mounted on the rim externally of the pressurlzatale 2S 
cavity. 

1 7. The tire as defined in Claim 1 6 wherein the first bat- 
tery is removably mounted on the rira 

30 

18. Apparatus for monitoring a pneumatic tire compris- 
ing: 

a memory device inducfing a first antenna, 
amplifier and power source and containing 35 
stored data pertaining to a particular tire in 
which the device is adapted to be mounted 
within a pressure chamber of tiie tire; and 
a separate monitoring device adapted to be 
mounted on a rim on which the tire is mounted, 40 
said monitoring device including a secorKl 
antenna, amplifier and power source, con^ 
circuit and sensor means for sensing a condi- 
tion of the tire, said control circuit receivihg the 
data stored in the memory device and transrtnt- 45 
ting said data to a remote locatioa 
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(54) lUlethod and apparatus for monrtoring conditions of a vehicle tire 

(57) A method for monitoring various physical con- 
ditions of pneumatic tires (5) and to a tire which includes 
a memory device (10) mounted on the interior (12) of 
the tire within the pressurizable cavity and a separate 
monitoring device (B) mounted on the tire rim (16). The 
memory device contains a battery, an antenna and 
stored data pertaining to the tire. The monitoring device 
uses an active self-powered programmable electronic 
circuitry which obtains data from the memory device and 
in addition contains one or more sensors which obtains 
engineering conditions such as temperature, pressure, 
tire rotation and/or other operated conditions of the 
pneumatic tire along with the stored information from the 
memory device. The memory device can be aerated 
by externally transmined radio frequency waves from a 
remote location or by signals from the monitoring de- 
vice, and the monitoring device can transmit the infor- 
mation to the remote location by a separate, larger and 
more powerful battery (42) which is mounted on the tire 
rim (16) than the battery in the memory device. 
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